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In an e f f o r t  t o  standardize atmosphere m o d e l s  used i n  Mars 
mission analyses and thus f a c i l i t a t e  i n t e rp re t a t ion  o f  such 
analyses, t en t a t ive  engineering models f o r  the Mars atmosphere 
a re  proposed. The emphasis here i s  on the en t ry  aspect of  the 
mission. Three models having pressures a t  the p l ane t ' s  surface 
of 10, 25, and 40 mb are  presented i n  b o t h  tabular  and graphic
form. An atmoaphere model f o r  w e  i n  terminal descent calculat ions 
i s  a l so  presented. The atmosphere models a re  presented i n  b o t h  
engl ish and metric units i n  terms of  e igh t  var iables  a s  a function 
of a l t i t u d e .  These model atmospheres a re  based, insofar  as 
possible,  on experimentally obtained data and a re  not envelopes




U n c e r t a i n t i e s  i n  t h e  s t r u c t u r e  and  chemical compos i t ion  of 
t h e  Mars atmosphere p r e s e n t  a problem of growing  impor t ance  i n  
Mars m i s s i o n  a n a l y s e s .  Lack of d e f i n i t i v e  data h a s  permitted
c o n s t r u c t i o n  of numerous e q u a l l y  p l a u s i b l e  models of t h e  atmos­
phere. As a r e s u l t ,  v a r i o u s  a n a l y s e s  of e n t r y  i n t o  t h e  Mars 
a tmosphere  are o f t e n  based upon w i d e l y  d i f f e r i n g  a tmosphere  
models, S i n c e  i t  i s  w e l l  known t h a t  i m p o r t a n t  r e s u l t s  of s u c h  
a n a l y s e s ,  e .  g . ,  h e a t i n g ,  loads,  l a n d i n g  t e c h n i q u e s  , are 
f u n c t i o n s  of t h e  a tmosphere  s t r u c t u r e  and c o m p o s i t i o n ,  i n t e r ­
p r e t a t i o n  of t h e  r e s u l t s  and compar ison  w i t h  r e s u l t s  of o the r  
a n a l y s e s  are o f t e n  c l o u d e d  by t h e  choice of a tmosphere .  
Obvious ly  a d d i t i o n a l  o b s e r v a t i o n s  and  d i r e c t  measurements  
of t h e  Mars atmosphere are b a d l y  needed  t o  d e f i n e  t h e  s t r u c t u r e  
and compos i t ion  w i t h  a c c u r a c y .  Such data are r e q u i r e d  f o r  
i n t e l l i g e n t  i n t e r p r e t a t i o n  and r e f i n e m e n t  of m i s s i o n  a n a l y s e s  and ,  
u l t i m a t e l y ,  for t h e  d e s i g n  of v e h i c l e s  t o  e n t e r  t h e  Mars atmos­
p h e r e .  U n f o r t u n a t e l y ,  a c q u i s i t i o n  of t h e  r e q u i r e d  o b s e r v a t i o n s  
t a k e s  t i m e  . U n t i l  be t t e r  s c i e n t i f i c  data  become a v a i l a b l e ,  
c o n s i d e r a b l e  b e n e f i t  c a n  be d e r i v e d  f r o m  s t a n d a r d i z i n g  on 
c e r t a i n  a tmosphere  models f o r  e n t r y  a n a l y s e s .  
I t  is  t h e  pu rpose  of t h i s  r e p o r t  t o  p r e s e n t  th ree  t e n t a t i v e  
models - a maximum, a minimum, and  a mean. An a tmosphere  model 
for t e r m i n a l  d e s c e n t  c a l c u l a t i o n s  i s  a l so  p r e s e n t e d  i n  Appendix D. 
I t  is  no t  t h e  i n t e n t  t o  p r e s e n t  new s c i e n t i f i c  models of t h e  
Mars a tmosphe re ,  b u t  ra ther  t o  p r e s e n t  r e a s o n a b l e  s t a n d a r d i z e d  
models which  w i l l  be u s e f u l  i n  e n g i n e e r i n g  s t u d i e s .  
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DEVELOPMENT OF ENGINEERING MODELS 
Atmosphere Parameters I m p o r t a n t  -i n  E n t r y  A n a l y s i s  
Before e s t a b l i s h i n g  a tmosphere  p a r a m e t e r s  i m p o r t a n t  i n  e n t r y  
a n a l y s i s ,  i t  is i n s t r u c t i v e  t o  examine s o m e  o f  t h e  c u r r e n t  models 
of t h e  Mars a tmosphe re ,  Twelve c u r r e n t  a tmosphere  models  are 
shown i n  F i g u r e  1, Al though t h i s  i s  n o t  a comprehensive p r e ­
s e n t a t i o n  of a l l  e x i s t i n g  models of  t h e  Mars a tmosphe re ,  i t  is  
r e p r e s e n t a t i v e  and demonst ra tes  t h e  e x t r e m e l y  wide  d i f f e r e n c e s  
i n  t e m p e r a t u r e ,  p r e s s u r e ,  d e n s i t y ,  and compos i t ion  f o r  t h e  v a r i o u s  
models .  Each of  t h e s e  p a r a m e t e r s  h a s  an  i n f l u e n c e  on t h e  Mars 
m i s s i o n ;  however,  c e r t a i n  of them may e x e r t  a c r i t i c a l  i n f l u e n c e  
and t h u s  d e s e r v e  s p e c i a l  a t t e n t i o n .  Fo r  example: 
1. 	 The d e n s i t y  s t r u c t u r e  (or d e n s i t y  scale h e i g h t  
which  i s  an  i n c r e m e n t  i n  a l t i t u d e  r e q u i r e d  t o  
produce  a change i n  d e n s i t y  by a f a c t o r  of e )  is  
i m p o r t a n t  i n  d e t e r m i n i n g  t h e  h e a t i n g  e x p e r i e n c e d
by t h e  e n t r y  body. S c a l e  h e i g h t  a l so  s t r o n g l y
i n f l u e n c e s  t h e  e n t r y .  gu idance  r e q u i r e m e n t s  and 
t h e  e n t r y  l o a d s .  
2, 	 The d e n s i t y  and  p r e s s u r e  n e a r  t h e  s u r f a c e  of  t h e  
p l a n e t  are v i t a l  f a c t o r s  i n  d e t e r m i n i n g  t h e  
t e r m i n a l  descent  and  l a n d i n g ,  The c o n f i g u r a t i o n
of  t h e  e n t r y  v e h i c l e  may a l so  be d i c t a t ed  by t h e s e  
f ac to r s .  
3 .  	 The c h e m i c a l  c o m p o s i t i o n  of t h e  a tmosphere
d e t e r m i n e s  t o  a l a r g e  e x t e n t  t h e  r a d i a t i v e  
h e a t i n g  e x p e r i e n c e d  by t h e  e n t r y  body. I t  may
a l s o  s i g n i f i c a n t l y  a f f e c t  r a d i o  communicat ions 
d u r i n g  e n t r y .  
I t  i s  t h u s  e v i d e n t  t h a t  (1 )  d e n s i t y  s t r u c t u r e ,  s u r f a c e  p r e s s u r e ,
and compos i t ion  a re  key f ac to r s  i n  e n t r y  a n a l y s i s  and (2) v a l u e s  
of t h e s e  p a r a m e t e r s  are w i d e l y  d i f f e r e n t  f o r  t h e  m o d e l s  shown i n  
F i g u r e  1. 
S i n c e  l i t t l e  r e l i a b l e  d a t a  e x i s t  on which t o  base a 
s c i e n t i f i c a l l y  a c c u r a t e  model ,  m o s t  of t h e  e x i s t i n g  models d i f f e r  
due t o  v a r i e d  i n t e r p r e t a t i o n s  of  t h e  l i m i t e d  d a t a .  I t  t h e r e f o r e  
becomes e x c e e d i n g l y  d i f f i c u l t  t o  s e t t l e  on any one model f o r  t h e  
Mars a tmosphere .  U n t i l  more d e f i n i t i v e  d a t a  become ava i lab le ,
i t  seems a p p r o p r i a t e  t o  develop models  which  r e p r e s e n t  reasonable 
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e x t r e m e s  and t o  c o n s e r v a t i v e l y  d e s i g n  e n t r y  c a p s u l e s  t o  cope  w i t h  
t h e s e  e x t r e m e s .  A c c o r d i n g l y ,  t h e  a tmosphere  models p r e s e n t e d  
h e r e i n  were deve loped  on t h e  b a s i s  of c u r r e n t  i n f o r m a t i o n  t o  produce
r e a s o n a b l e  ex t r emes  i n  c o m p o s i t i o n ,  s u r f a c e  p r e s s u r e ,  and scale 
h e i g h t .  The development  of t h e s e  models  w a s  s t r o n g l y  i n f l u e n c e d  
by t h e  r e c e n t  d i s c l o s u r e s  of Kaplan e t  a1 ( R e f  11, and Ku ipe r  ( R e f  2)
c o n c e r n i n g  t h e  s u r f a c e  p r e s s u r e  and c o m p o s i t i o n  of t h e  Mars 
a tmosphere .  
C a l c u l a t i o n  P r o c e d u r e  
Three  models  of  t h e  Mars a tmosphere  have been deve loped  - two 
e x t r e m e s  and a mean. These models  were g e n e r a t e d  by a computer  
program i n  u s e  a t  t h e  Manned S p a c e c r a f t  C e n t e r .  I n  p r i n c i p l e ,
t h e  t e m p e r a t u r e  p r o f i l e ,  t h e  s u r f a c e  p r e s s u r e ,  t h e  c o m p o s i t i o n ,  
and t h e  acce le ra t ion  of g r a v i t y  a t  t h e  p l a n e t ' s  s u r f a c e  were 
s p e c i f i e d .  The v a l u e s  of  d e n s i t y ,  p r e s s u r e ,  s p e e d  of sound,  
d e n s i t y  scale  h e i g h t ,  mean f r e e  p a t h ,  v i s c o s i t y ,  and k i n e m a t i c  
v i s c o s i t y  were c a l c u l a t e d  u s i n g  t h e  e x p r e s s i o n s  i n  Appendix Bo 
The i n p u t s  t o  t h e  computer  program fo r  t h e  t h r e e  models  were 
as f o l l o w s :  
Model 1 Model 2 Model 3 
S u r f  ace P r e s s u r e ,  mb 4 0  25  10 
Composi t ion ,  % by m a s s  C02 7 1/2 1 6  60 
N2 92 1 /2  84 4 0  
S u r f a c e  Temp,, , OK 300 250 200 
Troposphe re  Lapse R a t e ,  OK/km -3 ,64 -3 89  -4.55 
S t r a t o s p h e r e  Temp., OK 260 180 100  
Top of S t r a t o s p h e r e ,  km 150 150 150 
Thermosphere Lapse R a t e  OK/km 2 2 c--
S u r f  ace G r a v i t y  , cm/sec 2 375 375 375 
I t  s h o u l d  be n o t e d  t h a t  t h e  p r e s s u r e s  and compos i t ions*  quo ted  
were d e r i v e d  f r o m  t h e  same s e t  of s c i e n t i f i c  measurements  (Ref 1); 
however,  t h e  v a l u e s  given f o r  t h e  t e m p e r a t u r e  s t r u c t u r e  were 
$5The pressures of various const i tuents  l i s t e d  i n  Table 2 of  Reference 
1 are  r e fe r r ed  t o  i n  t h a t  paper a s  p a r t i a l  pressxres even'though
i t  was made c l ea r  i n  the discussion o f  equation 11 of  t h a t  paper
t h a t  this p a r t i a l  pressure i s  the weight of a cons t i tuent  in the 
atmosphere per un i t  a r ea ,  and thus represents  the mass densi ty  of 
the gas r a t h e r  than the number density.  For  convenience b o t h  mass 
and volume compositions are  l i s t e d  in Table I of the present 





derived i n d e p e n d e n t l y  from t h e  l i t e r a t u r e .  Combina t ions  of 
p r e s s u r e - c o m p o s i t i o n  d a t a  w i t h  t e m p e r a t u r e  s t r u c t u r e  d a t a  were 
a r b i t r a r i l y  chosen  t o  produce  ex t reme models.  For example,  com­
b i n i n g  t h e  h i g h e s t  s u r f a c e  p r e s s u r e  w i t h  t h e  t e m p e r a t u r e  s t r u c t u r e  
g i v i n g  t h e  h i g h e s t  t e m p e r a t u r e s  p r o d u c e s  a model w i t h  t h e  maximum 
p r e s s u r e  and d e n s i t y  fo r  any g i v e n  a l t i t u d e ,  and of c o u r s e ,  a 
model w i t h  t h e  maximum scale h e i g h t - t h i s  is  labeled maximum or 
model 1. It s h o u l d  be emphasized i n  c h o o s i n g  t h e  i n p u t s  t o  t h e  
computer  program t h a t  t h e r e  is  no  p h y s i c a l  basis  f o r  any co r re l a t ion  
between s u r f a c e  t e m p e r a t u r e  and s u r f a c e  p r e s s u r e .  
The s u r f a c e  p r e s s u r e s  were based  on the  work of Kaplan ,  e t  a1 
( R e f  1). Recent  a n a l y s i s  by Kuiper  ( R e f  2) g i v e s  v a l u e s  of  
s u r f a c e  p r e s s u r e  i n  close agreement  w i t h  t h e  lower p r e s s u r e s  pub­
l i s h e d  i n  Reference 1. 
Although t h e  evidence on chemica l  compos i t ion  is  n o t  con­
c l u s i v e ,  i t  is g e n e r a l l y  a g r e e d  t h a t  carbon d i o x i d e  is  t h e  o n l y  g a s
de tec ted  i n  l a r g e  q u a n t i t i e s  i n  t h e  Mars a tmosphere .  The v a l u e s  
g i v e n  for c a r b o n  d i o x i d e  w e r e  t a k e n  from R e f e r e n c e  1. For t h e  
p u r p o s e s  of d e t e r m i n i n g  v a l u e s  of m o l e c u l a r  w e i g h t  and o t h e r  con­
s t a n t s  r e q u i r e d  i n  t h e  c a l c u l a t i o n s ,  i t  is  assumed t h e  r e m a i n d e r  
of  t h e  g a s  i s  n i t r o g e n .  I t  i s  r e c o g n i z e d  t h a t  o t h e r  g a s e s  s u c h  
as argon (Ref 11,  o x i d e s  of n i t r o g e n  (Ref s  7 and 181, wa te r  v a p o r  
( R e f s  1, 3, 8,  9 ,  and 131, and oxygen (Ref 11, t o  name a few,  may
be p r e s e n t ,  b u t  t h e s e  q u a n t i t i e s  are p r o b a b l y  s m a l l .  
The s u r f a c e  t e m p e r a t u r e s  chosen  are r e p r e s e n t a t i v e  of t h o s e  
g i v e n  i n  t he  c u r r e n t  l i t e r a t u r e  and b r a c k e t  known s e a s o n a l ,  
d i u r n a l ,  and l a t i t u d i n a l  v a r i a t i o n s  (Refs  4 ,  5, and 6 ) .  The l a p s e  
r a t e s  quo ted  for t h e  t r o p o s p h e r e  are t h e  d r y  a d i a b a t i c  l a p s e  ra tes  
f o r  t h e  c o m p o s i t i o n s  g i v e n  f o r  s p e c i f i c  hea ts  based on t h e  a v e r a g e  
t e m p e r a t u r e  i n  t h i s  r e g i o n .  The s t r a t o s p h e r e  t e m p e r a t u r e s  g i v e n  
are r e p r e s e n t a t i v e  v a l u e s  drawn P r o m  the  c u r r e n t  l i t e r a t u r e  
( f o r  example,  R e f s  1 6  and  1 7 ) .  The h e i g h t  of t h e  base of t h e  
the rmosphere  w a s  based on v a l u e s  g i v e n  by Goody i n  R e f e r e n c e  10, 
The thermosphere  l a p s e  r a t e  w a s  based on a r e p r e s e n t a t i v e  v a l u e  
g i v e n  by Vachon ( R e f  1 1 ) .  The accelerat ion of  g r a v i t y  used  i s  a 
r e p r e s e n t a t i v e  v a l u e  g i v e n  i n  t h e  l i t e r a t u r e  ( R e f s  1 2  and 1 6 ) .  
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The p roposed  e n g i n e e r i n g  models  of t h e  Mars a tmosphere  
are presented  i n  b o t h  t a b u l a r  and g r a i j h i c a l  f o r m .  Summarized 
i n  T a b l e  I are t h e  v a l u e s  of t h e  p r i m a r y  parameters which  
c h a r a c t e r i z e  e a c h  model .  The model a tmosphe res  are p r e s e n t e d  
i n  T a b l e s  11, 111, and IV i n  b o t h  m e t r i c  and e n g l i s h  u n i t s .  They 
are presented i n  t e r m s  of e i g h t  v a r i a b l e s  as a f u n c t i o n  of 
a l t i t u d e  i n  i nc remen t s  of one  k i l o m e t e r  f rom t h e  s u r f a c e  t o  one 
hundred  k i l o m e t e r s ;  i n  i n c r e m e n t s  of t e n  k i l o m e t e r s  f r o m  one 
hundred t o  one thousand  k i lome te r s ;  and  i n  i n c r e m e n t s  of f i f t y  
k i l o m e t e r s  above one thousand  k i lometers .  C a l c u l a t i o n s  and 
l i s t i n g s  for t h e s e  t h r e e  tables  were a r b i t r a r i l  t e r m i n a t e d  a t  
a l t i t u d e s  where t h e  d e n s i t y  f e l l  t o  10-14 gm/cm3 s i n c e  d e n s i t i e s  
of t h i s  o rder  or l ess  are of  l i t t l e  i n t e r e s t  i n  e n t r y  analyses , ,  
The v a l u e s  for t h e  r educed  c o l l i s i o n  i n t e g r a l  [a(2,.2)* I
(Ref .  19)  u s e d  i n  t h e  c a l c u l a t i o n  of t h e  v i s c o s i t y  and t h e  k i n e ­
matic v i s c o s i t y  are n o t  v a l i d  above temperatures  of 300°K; t h u s  
v a l u e s  of  v i s c o s i t y  and k i n e m a t i c  v i s c o s i t y  do n o t  a p p e a r  i n  t h e  
t ab l e s  f o r  a l t i t u d e s  c o r r e s p o n d i n g  t o  t e m p e r a t u r e s  above ‘ th i s  
ambient  v a l u e .  
P r o f i l e s  of  t e m p e r a t u r e ,  p r e s s u r e ,  and  d e n s i t y  a r e  i l l u s ­
t r a t e d  i n  F i g u r e s  2 a , b , c .  F i g u r e  2d shows the t h r e e  d e n s i t y  
p r o f i l e s  no rma l i zed  t o  e a r t h  s e a  l e v e l  d e n s i t y .  
F i g u r e  3 shows how t h e s e  t h r e e  models  compare w i t h  p r e v i o u s  
models  oii t h e  Mars a tmosphere .  The major d i f f e r e n c e s  between 
t h e s e  models  and p r e v i o u s  models of t h e  Mars a tmosphere  are 
t h e  s u r f a c e  p r e s s u r e s  and a t m o s p h e r i c  c o m p o s i t i o n s  t h a t  were 
assumed, These new lower su r face  p r e s s u r e s  c a u s e  t h e  d e n s i t y  a t  
any g iven  a l t i t u d e  t o  be lower t h a n  t h o s e  g i v e n  i n  p r e v i o u s  model 
atmospheres,’ however,  i t  s h o u l d  be n o t e d  t h a t  a minimum s u r f a c e  
d e n s i t y  u s i n g  t h e  parameters s e l e c t e d  i s  n o t  i n c l u d e d  i n  these 
models .  From F i g u r e  3 i t  c a n  be s e e n  t h a t  t h e  maximum and minimum 
scale  h e i g h t s  remain  e s s e n t i a l l y  unchanged. 
If a s u r f a c e  p r e s s u r e  of 10 m i l l i b a r s  i s  combined w i t h  a 300°K 
s u r f a c e  t e m p e r a t u r e ,  a d e n s i t y  of 50% l e s s  t h a n  t h a t  shown on 
model 3 would be d e r i v e d .  T h i s  a tmosphere  for u s e  i n  t e r m i n a l  
d e s c e n t  c a l c u l a t i o n s  i s  d i s c u s s e d  i n  Appendix D and i s  shown i n  
F i g u r e  4 .  
6 

I t  s h o u l d  be n o t e d  t h a t  i n  c a l c u l a t i n g  t h e  f o r e g o i n g  r e s u l t s  
t h e  v a r i a t i o n  i n  g r a v i t y  w i t h  a l t i t u d e  w a s  i n c l u d e d .  When t h e  
a tmosphere  i s  r e l a t i v e l y  deep  compared t o  t h e  p l a n e t ' s  r a d i u s ,  
as i t  i s  i n  t h e  case of Mars, t h e n  t h i s  v a r i a t i o n  of g r a v i t y  can  
be i m p o r t a n t  i n  d e t e r m i n i n g  t h e  p r e s s u r e  and  d e n s i t y .  s t r u c t u r e  over 
an  ex t reme range of a l t i t u d e .  However, f o r  many e n t r y  c a l c u l a t i o n s  
i t  is  o n l y  t h e  lower a tmosphere  s t r u c t u r e  for a r e l a t i v e l y  s m a l l  
r a n g e  of a l t i t u d e  t h a t  i s  i m p o r t a n t ;  hence a s s u m p t i o n s  of c o n s t a n t  
g r a v i t y  f o r  c a l c u l a t i o n  of a tmosphere  s t r u c t u r e  s h o u l d  n o t  i n t r o ­
duce s i g n i f i c a n t  e r ror .  For t h i s  case,  s i m p l e  a n a l y t i c  e x p r e s s i o n s
f o r  t h e  d e n s i t y  s t r u c t u r e  i n  t h e  t r o p o s p h e r e  and s t r a t o s p h e r e
r e g i o n s  can  be der ived  f r o m  t h e  basic e q u a t i o n s  of Appendix B. 
S i n c e  s u c h  e x p r e s s i o n s  are o f t e n  c o n v e n i e n t  t o  u s e  i n  machine 
programmed e n t r y  c a l c u l a t i o n s  t h e y  are p r e s e n t e d  i n  Appendix C 
t o g e t h e r  w i t h  t h e  p e r t i n e n t  c o n s t a n t s  for t h e  t h ree  Mars atmos­
p h e r e s .  Models were c a l c u l a t e d  u s i n g  t h e s e  e x p r e s s i o n s .  When 
p l o t t e d  t o  t h e  sca le  of  F i g u r e  2 c  t h e  r e s u l t s  are e s s e n t i a l l y  
c o i n c i d e n t  w i t h  t h o s e  o b t a i n e d  u s i n g  v a r i a b l e  g r a v i t y ,  
The p roposed  a tmosphere  models s h o u l d  be u s e f u l  i n  m i s s i o n  
a n a l y s i s  and d e s i g n  s t u d i e s  p r o v i d e d  p r o p e r  c o n s i d e r a t i o n  i s  
g i v e n  t o  t h e i r  l i m i t a t i o n s ,  A s  s t a t e d  p r e v i o u s l y ,  i t  w a s  
assumed ( p r i m a r i l y  f o r  t h e  pu rpose  of  c a l c u l a t i n g  p r e s s u r e  and 
d e n s i t y  p r o f i l e s )  t h a t  t h e  chemica l  compos i t ion  w a s  l i m i t e d  t o  
c 0 2 - N ~m i x t u r e s .  Al though a rgon  has  never been de tec ted  i n  t h e  
Mars a tmosphere ,  Kaplan  e t  a1 (Ref .  1 )  r e a s o n  on t h e  bas i s  of 
abundance a rguments  t h a t  a rgon  may be p r e s e n t  i n  s i g n i f i c a n t  
amounts.  The p r e s e n c e  of  a rgon  would have l i t t l e  e f f e c t  on t h e  
d e n s i t y  and p r e s s u r e  p r o f i l e ;  however,  i t  may i m p o r t a n t l y  a f f e c t  
t h e  p lasma s h e a t h  s u r r o u n d i n g  a v e h i c l e  d u r i n g  e n t r y ,  hence a f f e c t  
r ad ia t ive  h e a t i n g  and r a d i o  communicat ions.  I n  c o n t r a s t ,  t h e  
assumed t e m p e r a t u r e  p r o f i l e  d i r e c t l y  a f f e c t s  t h e  sca le  h e i g h t  and 
d e n s i t y  p r o f i l e .  Tempera tu res  n e a r  t h e  s u r f a c e  of Mars are 
be l ieved  t o  be r e l a t i v e l y  a c c u r a t e .  Tempera tu res  i n  t h e  i so thermal  
o r  even  t h e  a s sumpt ion  t h a t  an i s o t h e r m a l  r e g i o n  e x i s t s  are n o t  so  
r e l i a b l e .  Due t o  t h e s e  u n c e r t a i n t i e s  q u i t e  ex t r eme  t e m p e r a t u r e s  
w e r e  chosen  f o r  t h e  maximum and minimum p r o f i l e s .  I t  i s  reason­
able  t o  e x p e c t  t h e n  t h a t  t h e  d e n s i t y  p r o f i l e s  and scale  h e i g h t s  
f o r  t h e  t h r e e  a tmosphere  models w i l l  encompass t h e  p r o f i l e
and scale  h e i g h t  f o r  t h e  r e a l  Mars atmosphere. D e s p i t e  these 
s h o r t c o m i n g s ,  i t  i s  recommended t h a t  t h e s e  models be a c c e p t e d  as 
a t e n t a t i v e  s t a n d a r d  u n t i l  more d e f i n i t e  da t a  are ava i lab le  on 






The e n g i n e e r i n g  models of t h e  Mars a tmosphere  p r e s e n t e d  i n  
t h i s  report  are based on t h e  l a t e s t  data on t h e  Mars a tmosphe re  
known t o  t h e  a u t h o r s .  They have been deve loped  t o  r e p r e s e n t  
r e a s o n a b l e  e x t r e m e s  of the  Mars a tmosphere  f o r  e n t r y  a n a l y s i s
It i s  therefore  recommended t h a t  t h e s e  models be used  i n  any f u r t h e r  
NASA-sponsored a n a l y s e s  of Mars a tmosphere  e n t r y .  
D e s i g n i n g  e n t r y  v e h i c l e s  t o  t h e  w o r s t  combina t ion  of con­
d i t i o n s  described by t h e s e  models  u n f o r t u n a t e l y  leads t o  d e s i g n
compromises and w e i g h t  p e n a l t i e s .  I t  i s  e v i d e n t  t h a t  a d d i t i o n a l  
s c i e n t i f i c  data  on t h e  Mars a tmosphere  are needed t o  e l i m i n a t e  
t h e  need  f o r  these compromises and  t h e  a t t e n d a n t  w e i g h t  p e n a l t i e s .  
When improved o b s e r v a t i o n a l  data  are o b t a i n e d  t h a t  s i g n i f i c a n t l y  
r educe  t h e  Mars a tmosphere  u n c e r t a i n t i e s ,  t h e  models  p r e s e n t e d  
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S u b s c r i p t s  




s t r a t  
%3 
s p e e d  of sound 

s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s . u r e  

s p e c i f i c  h e a t  a t .  c o n s t a n t  volume 

local  accelerat ion of g r a v i t y  

d e n s i t y  scale  h e i g h t  

mean f r e e  p a t h  

m o l e c u l a r  w e i g h t  

Avagard ro ' s  number 

p r e s s u r e  

p l a n e t  r a d i u s  

U n i v e r s a l  g a s  c o n s t a n t  

t e m p e r a t u r e  

m o l e  f r a c t i o n s  of  g a s  

h e i g h t  above t h e  s u r f a c e  

r a t i o  of  s p e c i f i c  hea ts  

k i n e m a t i c  v i s c o s i t y  

v i s c o s i t y  

number of g a s  components 

d e n s i t y  I Z 

r e f e r e n c e  d e n s i t y  ( p  = pref e 5) 

a v e r a g e  e f f e c t i v e  c o l l i s i o n  d i a m e t e r  for gas m i x t u r e  

z e r o  e n e r g y  c o l l i s i o n  d i a m e t e r  fo r  a g a s  

c o e f f i c i e n t s  Tor c a l c u l a t i n g  v i s c o s i t y  

r e d u c e d  c o l l i s i o n a l  i n t e g r a l  
components i and j of a m i x t u r e  

e n t i r e  m i x t u r e  

d e n o t e s  s u r f a c e  c o n d i t i o n  

d e n o t e s  s t r a t o s p h e r e  c o n d i t i o n  







SUMMARY OF METHOD OF COMPUTING MODEL ATMOSPHERE PARAMETERS 
The r e s u l t s  p r e s e n t e d  i n  T a b l e s  11, I11 and I V  were c a l c u l a t e d  
u s i n g  t h e  i n p u t s  from T a b l e  I and t h e  equat ions p r e s e n t e d  h e r e .  
The calculat ion of a tmosphere  parameters w a s  based on a numerical  
i n t e g r a t i o n  of t h e  h y d r o s t a t i c  e q u a t i o n :  
The fol lowing a s s u m p t i o n s  w e r e  c o n t a i n e d  w i t h i n  t h e  i n t e g r a t i o n :  
G r a v i t y  var ies  as: 
The g a s  m i x t u r e  follows t h e  p e r f e c t  gas e q u a t i o n
of  s ta te :  
The t e m p e r a t u r e  v a r i e s  w i t h  a l t i t u d e  by a ser ies  of 
c o n s t a n t  l a p s e  r a t e s  (depend ing  on t h e  a l t i t u d e  range) 
as i l l u s t r a t e d  by F i g u r e  2A. 
With p ,  p and T t h u s  d e t e r m i n e d  as f u n c t i o n s  of a l t i t u d e ,  t h e  
fo l lowing  a d d i t i o n a l  q u a n t i t i e s  may be computed: 
R 
1/2  
Speed of Sound a = [YZ TI 
D e n s i t y  S c a l e  Hei 'ght H =  RT 
APPENDIX B (Continued) 
Mean Free Path RT 
= -?p 
V piV i s c o s i t y  (for the  mixture)  p
mix= C \ I  X2 
i=l 1' + 	2 4 J 
j = l  i , j  
-where 'i,j-
J 
(Values  of n(2  ')*were obta ined  
from ref .  19) 





ANALYTIC APPROXIMATIONS TO THE ENGSmERING MODELS 
If t h e  acce le ra t ion  of g r a v i t y  i s  assumed c o n s t a n t ,  t h e n  
a n a l y t i c  e x p r e s s i o n s  can  be w r i t t e n  for t h e  d e n s i t y  v a r i a t i o n  w i t h  
a l t i t u d e  i n  t h e  t r o p o s p h e r e  and t h e  s t r a t o s p h e r e  r e g i o n s .  For 
t h e  t r o p o s p h e r e ,  t h e  d e n s i t y  i s  given by 
where 
For t h e  s t r a t o s p h e r e ,  t h e  d e n s i t y  i s  g i v e n  by 
-Z/H 




and RTstrat  
V a l u e s  of t h e  p a r a m e t e r s  i n  t h e  above e x p r e s s i o n s  chosen  
to r e p r e s e n t  t h e  e n g i n e e r i n g  models  are as follows: 
--- 
--- 
APPENDIX C (Continue'd) 
Parameter U n i t s  
Molecular w t . ,  m 
Acceleration of 

gravi ty ,  63 

Troposphere (Value 0 

surf  ace) cm/se2 





s t a n t ,  R m2/sec2 OK 
Ratio of spec i f i c
heats ,  y 
Troposphere lapse 
r a t e ,  l? OK/km3 
Surface densi ty ,  po m/cm 
Reference densi ty ,  pref gm/cm3 
Surf ace temperature, To 0K 
Stratosphere 
temperature, Tstjrat OK 
Density sca le  
height,  H km 
' s t r a t  
16 
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4 . 6 2 ~ 1 0 ' ~3 5 7 ~ 1 0 ' ~  



































AN ATMOSPHERE MODEL FOR TERMINAL DESCENT CALCULATIONS 
An a l t e rna te  model a tmosphere  f o r  use  i n  t h e  d e s i g n  of a 
r e t a r d a t i o n  sys t em f o r  t e r m i n a l  d e s c e n t  may a lso be p o s t u l a t e d .
T h i s  model is  generated by s u b s t i t u t i n g  a s u r f a c e  t e m p e r a t u r e  o f  
3 0 0 ° K  i n  place of t h e  200% sur face  temperature i n  model 3 and 
k e e p i n g  t h e  s a m e  s u r f a c e  p r e s s u r e  and t h e  same compos i t ion .  The 
r e s u l t  is  a model t h a t  h a s  a h i g h e r  a tmosphere  d e n s i t y  a t  
a l t i t u d e s  above 15 km, b u t  a t  a l t i t u d e s  below 15 km t h e  atmos­
p h e r e  d e n s i t y  is  lower t h a n  t h a t  of  model 3 (see F i g u r e  4 ) .
E q u a t i o n s  are g i v e n  below for  t h e  d e n s i t y  i n  t h e  t r o p o s p h e r e  and 
s t r a t o s p h e r e  regions i n  b o t h  m e t r i c  and e n g l i s h  u n i t s .  These 
w e r e  o b t a i n e d  by s u b s t i t u t i n g  t h e  a p p r o p r i a t e  v a l u e s  i n  t h e  
e q u a t i o n s  of Appendix C. 
Metric U n i t s-
Troposphe re  r e g i o n  (below 4 6  km) 
3 
p = 1.44 x (1 - 0.0145 z) 2*50 gm/cm 
S t r a t o s p h e r e  r e g i o n  (above 4 6  km) -e5 
p = 8.64 x e gm/cm3 
( n o t e  z is i n  km) 
E n g l i s h  U n i t s  
T roposphe re  r e g i o n  (below 150,900 ft) 
2.50 
p = 2.79 x lom5 (1 - 4 .41  x Z) s l u g s / f  t 3  
S t r a t o s p h e r e  r e g i o n  (above 150 ,900  f t )  
p = 2 . 0  x 10-3 .*-z s l u g s / f t 3  
( N o t e  Z i s  i n  f t )  
TABLE OF ATMOSPHERES FOR FIGURE 1 
1. Rand Report, Rm-2782-JPL (June 1961) PO = 132.6 mb 
Model 	A t m .  I (Max)
(convective equil . ib.  throughout atm.) 
2. Manned Spacecraf t  Center Model I1 9/25/63 po = 132.6 mb 
3. 	 Rand Report, Rm-2782-JPL (June 1961 po = 132.6 mb 
Model A t m .  I1 (Max)
(convective e q u i l i b .  t o  tropopause + 
conductive e q u i l i b .  above) 
4.. Rand Report ,  Rm-2782-JPL (June 1961) PO = 85.125 mb 
Model 	A t m .  I11 
(con jec tu ra l  atm.) 
5. Rand Report, Rm-2782-JPL (June 1961) PO = 41.04 mb 
Model 	A t m .  I (Min) b 
(convective e q u i l i b .  through atm.) 
6. 	 Douglas Report ,  Sm-44552 (August 1963) PO = 162 mb 
Pressure P r o f i l e  No. 8 ;  M = 28.0 
7. 	 Douglas Report, Sm-44552 (August 1963) po = 85 mb 
Pressure P r o f i l e  No. 6 ;  M = 28.0 
8. Rand Report, Rm-2782-JPL (June 1961) PO = 41.04 mb Model 	A t m .  I1 (Min)
(convective e q u i l i b .  t o  tropopause & 
conductive e q u i l i b .  above) 
9. 	 Manned Spacecraze Center Model I1 9/25/63 PO = 41.04 mb 
Lower L i m i t  90%N2-10%~02 
10. 	 A Note on the  Upper Atmos. of Mars . po = 132.6 m 5  
(August 1963) J. of Geophysical 
Research (G. F. S c h i l l i n g )  Vol. 68, No. 16 
Extension of Model I1 Atmos. (Max) 
11. 	 A Note on the  Upper Atmos. of Mars PO = 41.04 mb 
(August 1963) J. of Geophysical 
Research (G. F. S c h i l l i n g )  Vol. 68, NO. 16  
Extension of Model I1 Atmos. (Min) 
12. JPL Atmosphere "N" (Nov. 1963) PO = 15.0 mb 














Q - ALTITUDE VS. TEMPERATURE 
FIGURE I SOME CURRENT MODELS OF THE MARS ATMOSPHERE 
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0.0066 343.6 1.23C-01 3.72E-05 814. 0.054 1.6E-05 2.18 5.9E-03 
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